Abstract -This paper presents a novel Differentially enrequire any channel information. Differential space-time block coded Space-Time Spreading (DSTS) scheme using four trans-codes (DSTBC) were designed by Tarokh et al. for two transmit mit antennas that can be readily combined with PSK, QAM, antennas and then they were extended to a higher number of transas well as Sphere Packing (SP) modulation schemes. The admit antennas [5, 9] . Afterwards, the authors of [10, [7] that is capable of achieving the highest possible transmit overview is presented. In Section 3.1, the encoding and decoding diversity gain. As a further advance, the concept of combining algorithms designed for DSTS schemes employing four transmit orthogonal transmit diversity designs with the principle of sphere antennas with real-valued constellations are described. In Secpacking modulation was introduced by Su et al. in [8] , where tion 3.2 we demonstrate how the proposed DSTS scheme is deit was demonstrated that the proposed Sphere Packing (SP) aided signed using complex-valued constellations. The DSTS design us-STBC system was capable of outperforming the conventional oring SP signal constellations is described in Section 4. Section 5 thogonal design based STBC schemes of [2, 3].
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Abstract -This paper presents a novel Differentially enrequire any channel information. Differential space-time block coded Space-Time Spreading (DSTS) scheme using four trans- codes (DSTBC) were designed by Tarokh et al. for two transmit mit antennas that can be readily combined with PSK, QAM, antennas and then they were extended to a higher number of transas well as Sphere Packing (SP) modulation schemes. The admit antennas [5, 9] . Afterwards, the authors of [10, 1 1] developed vocated SP-aided system has simple encoding and decoding a DSTBC scheme that supports non-constant modulus constellaalgorithms that requires no channel knowledge and outpertions combined with both two and four transmit antennas. forms the DSTS dispensing with SP. Further improvement to Iterative decoding of spectrally efficient modulation schemes the system performance can be obtained by serially concatewas considered by several authors [1] In [121 the employment nated convolutional coding and then performing SP-symbolof the turbo principle was considered for iterative soft demapto-bit demapping as well as channel decoding iteratively. Exping in the context of multilevel modulation schemes combined plicitly, the proposed turbo-detected DSTS-SP scheme exhibits with channel decoding, where a soft symbol-to-bit demapper was an Eb/No gain of 18dB at a Bit Error Rate (BER) of used between the multilevel demodulator and the binary channel over an uncoded identical-throughput system and an Eb/No decoder. The iterative soft demapping principle of [12] was exgain of 2dB over an equivalent 1 bits/symbol effective throughtended to SP-aided STBC schemes in [13] , where the sphere packput QPSK-modulated turbo-detected DSTS scheme dispensing ing demapper of [8] was modified in [13] for the sake of accepting with SP.
the a priori information passed to it from the channel decoder as 1. INTRODUCTION extrinsic information.
The detrimental effects of channel fading may be significantly reMotivated by the performnance improvements reported in [13] duced by employing space-time block code (STBC) aided transand [6] we develop a novel Differential Space-Time Spreading mit diversity invoking multiple antennas [1] . STBC is an effective (DSTS) scheme using four transmit antennas, which exploits the multi-input-multi-output (MIMO) scheme that provides a good percombined advantages of the differential encoding, the multi-user fonrmance in conjunction with a simple decoding scheme over slow support capability of the STS, as well as the benefits of SP modulafading channels [2 3 ]. In the ensuing era, the design of meritorition and those of iterative symbol-to-bit demapping and decoding. ous space-time modulation schemes has attracted considerable re- [7] that is capable of achieving the highest possible transmit overview is presented. In Section 3.1, the encoding and decoding diversity gain. As a further advance, the concept of combining algorithms designed for DSTS schemes employing four transmit orthogonal transmit diversity designs with the principle of sphere antennas with real-valued constellations are described. In Secpacking modulation was introduced by Su et al. in [8] , where tion 3.2 we demonstrate how the proposed DSTS scheme is deit was demonstrated that the proposed Sphere Packing (SP) aided signed using complex-valued constellations. The DSTS design us-STBC system was capable of outperforming the conventional oring SP signal constellations is described in Section 4. Section 5 thogonal design based STBC schemes of [2, 3] .
demonstrates how the DSTS-SP demapper is modified for the sake A common feature of all the above-mentioned schemes is that of exploiting the a priori knowledge provided by the channel dethey use coherent detection, which assumes channel knowledge coder, while our simulation results and discussions are provided in at the receiver. In practice, the channel state information (CSI) Section 6. Finally, we conclude in Section 7.
of each link between each transmit and each receive antenna pair has to be estimated at the receiver either blindly or using training 2. SYSTEM OVERVIEW symbols. However, channel estimation invoked for all the anten-
The schematic of the entire system is shown in Figure 1 Figure 1 , where each set of B bits is mapped to a real-valued modulated symbol ak k k Figure 1 : The Turbo Detection Aided DSTS-SP System. 1, 2, 3, 4, selected from a 2B -ary constellation. Assume that vk time slot, as it will be detailed in Section 4. k = 1, 2, 3, 4, are the symbols transmitted from the four antennas.
In this treatise, we considered transmission over a correlated (2) transmitted source bits. As seen in Figure 1 , the extrinsic infor-
mation LD, is generated by subtracting the a priori information from the a posteriori information according to (LD,P-LD,a), where the subscript J' denotes the transpose of the vector. which is then fed back to the DSTS-SP demapper as the a priori The differentially encoded data is then divided into four quarterinformation Lm,I a after appropriately reordering them using the rate substreams and the four consecutive symbols are then spread interleaver of Figure 1 . The DSTS-SP demapper of Figure 1 high-accuracy multi-antenna channel estimation imposes a high Yt = = (Cl X Vt + C2 X Vt -C3 X Vt + C4 X Vt), (7) complexity on the receiver. This renders differential encoding anddecoding an attractive designl alternative, despite the associated which follows the concept of page 303 of [7] .
Eb/No loss.
Assuming the channel to be non-dispersive, the received signal
In this paper, we assume that no CSI is available at the reat the output of the single receiver antenna can be represented as:
ceiver. The tranlsmitted anld received DSTS symabols are encoded and decoded based on the differential relationship among subsert =h1 x Yt+ h2 X 2 + h3 x Yt3 + h4 x Y4+ itt, (9) It was shown in [8] appropriately combined, before passing them to the decoder.
ITERATIVE DEMAPPING FOR SPHERE PACKING 3.2. Complex-Valued Constellations

CONSTELLATIONS
Signals represented by complex-valued constellations can also be Again, for the sake of simplicity, a system having a single receive transmitted using the proposed DSTS algorithm. Accordingly, we antenna is considered, although its extension to several receive anassume that at time t, a block of 4B bits arrives at the encoder, tennas is feasible. As already discussed in Section 3, the detected where each 2B bits are modulated using an M-ary complLex-valued DSTS signals can be represented by Equation (18) , where a reconstellationl, so that we have 2B log02M1. The modulator ceived sphere-packed symbol s is then colnstructed from the estioutputs the two complex symabols x7t1 and x 2, conveying the mates ih ni, a3 and C14. The received sphere-packed symubol s original 4£ bits, where we have ml -0,1, ... ., A -1 and can be written as ma= 0, 1,*.* , M-1. Now, x7t1 and x7t2 are mapped to a>, 
(a>, a>2 a3, a4) -(Re{x71 }, Im{x7l }, Re{x72 }, Im{x7t2 }). mated cain over an uncoded system ghadvingthae same diersityorer as theet (20) coded system [8l. I, BP -1 can be written as [12] RCSPode ( ., IB P-1.
scheme, while using an interleaver length of D = 1,000,000 bits, I = 10 iterations and the system parameters outlined in Table 1 4Anly mappinlg different from the classic Gray mapping may be :referred to as AGM. We tested the performance of all legiti:mate AGM schemes inL 3mn simple terms, the sphere centred at (0, 0, 0, 0) has 24 spheres order to finLd the best performer. imately 1.2dB at a BER of 10-6. It has been reported in [18] communications," IEEE Journal on Selected Areas in Conmmi unicathat the capacity of a MIMO Rayleigh fading channel. In Figure 3 an interleaver depth of D .
